Importance: Histoplasmosis, a systemic mycosis caused by the fungus Histoplasma capsulatum, primarily affects immune-suppressed patients and commonly involves the lung and rarely the central nervous system (CNS). Herein, we report a case of isolated CNS histoplasmosis presenting with pontine stroke and meningitis.
day 11, results of his CSF Histoplasma antigen and urine antigen tests were positive. His CSF culture also was positive for H capsulatum. The patient was treated initially with liposomal amphotericin B, 430 mg daily, but changed to voriconazole, 300 mg twice daily, secondary to renal insufficiency and eventually continued treatment with itraconazole cyclodextrin, 100 mg twice daily. Computed tomographic imaging revealed obstructive hydrocephalus, and a ventriculoperitoneal shunt was placed that successfully decompressed the ventricles. At 1 year, the patient demonstrated good clinical improvement and results of follow-up CSF cultures were negative.
Conclusions and Relevance:
While pulmonary involvement of histoplasmosis in immune-suppressed patients is common, systemic presentation of this fungal infection in immune-competent patients is rare and selflimiting. Isolated CNS histoplasmosis is exceedingly rare. Clinicians should consider CNS histoplasmosis in the differential diagnosis in atypical stroke cases, particularly those presenting with meningitis. March 11, 2013 March 11, . doi:10.1001 March 11, /jamaneurol.2013 March 11, .1043 H ISTOPLASMOSIS, A SYStemic mycosis caused by the fungus Histoplasma capsulatum, primarily affects immune-suppressed patients and commonly involves the lung and rarely the central nervous system (CNS). Herein, we report a case of isolated CNS histoplasmosis presenting with pontine stroke and meningitis.
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REPORT OF A CASE
A 35-year-old white man with a negative medical history except for hyperlipidemia presented initially to an outside hospital with dysarthria, gait ataxia, and bilateral upper extremity weakness. His neurological evaluation included magnetic resonance imaging of the brain and magnetic resonance angiography and computed tomography (CT) angiography of the head and neck. He was diagnosed with bilateral pontine ischemic strokes, likely related to small vessel vasculitis, and started treatment with high-dose steroids but failed to show improvement. The patient was transitioned to postacute rehabilitation with continuation of an oral steroid taper. He presented to our hospital 2 weeks later for evaluation of confusion, decreased oral intake, and worsening dysarthria.
This patient had no history of communicable diseases, including human immunodeficiency virus and sexually transmitted diseases. He denied high-risk behavior including intravenous drug use, multiple sexual partners, or travels to endemic areas. He also had no prior treatment with immunosuppressants. His family history was negative for neurological disorders and social history was pertinent for mechanical work in the sod industry.
On examination, he was found to be afebrile and normotensive. His general pulmonary and cardiovascular evaluation was normal. He was drowsy but easily arousable and oriented to person and place but not time. He followed simple commands and had hypophonic speech with mild dysarthria without aphasia. There were no cranial nerve abnormalities. He had nuchal rigidity and a positive Kernig sign. He was found to have mild generalized weakness on motor examination and his sensory evaluation was intact to all modalities. Appendicular ataxia and dyssynergia were noted with the left arm more affected than the right arm. Deep tendon reflexes were 3ϩ symmetric throughout with nonsustained clonus at the ankles. He was unsteady on gait examination but able to ambulate with assistance. He denied myalgia or arthralgia and no appreciable skin lesions were noted.
Cerebral spinal fluid (CSF) studies, obtained within 1 month of initial symptoms, were consistent with severe abnormalities including an elevated protein level (320 mg/dL), low glucose level (2 mg/dL), and neutrophilic pleocytosis with an elevated opening pressure of 320 mm of water (Table) , suggestive of a bacterial, fungal, viral, tuberculosis, or malignant leptomeningeal process. He started treatment with empirical antibiotics and antivirals (vancomycin hydrochloride, amoxicillin, ceftriaxone sodium, and acyclovir) and continued intravenous steroid treatment. Repeated magnetic resonance imaging of the brain revealed diffusion-weighted imaging restricted diffusion in the bilateral pons, without new ischemic lesions ( Figure, A and B ). There was no evidence of leptomeningeal disease. At 11 days, CSF cultures returned positive for H capsulatum and results of CSF Histoplasma antigen testing were positive in the CSF and urine.
The patient was initially treated with liposomal amphotericin B, 430 mg daily, receiving 15 of 35 treatments before developing complications of renal insufficiency. He was then treated with voriconazole, 300 mg twice daily for 11 months. He later developed a generalized erythematous, desquamating rash, requiring the initiation and continued use of itraconazole cyclodextrin, 100 mg twice daily.
Signs of H capsulatum infection outside of the CNS, including pulmonary involvement, never developed in this patient. The patient's initial chest radiograph was negative and follow-up CT of the chest, abdomen, and pelvis revealed no evidence of systemic H capsulatum. A negative echocardiogram provided no evidence of H capsulatum endocarditis. Additional causes of bacterial, viral, other fungal, tuberculosis, and mycoplasma infectious meningitis were unsubstantiated and therefore excluded (Table) . Head CT at 4 weeks into the hospitalization was consistent with obstructive hydrocephalus (Figure, D) . He underwent placement of a ventriculoperitoneal shunt with successful decompression (postoperative images not shown).
At 1-year follow-up, the patient had made tremendous recovery. His orientation and cognition remained at baseline. His speech was without dysarthria or aphasia. Motor examination revealed full strength throughout and his ataxia had resolved. His gait revealed normal stance and he was able to ambulate without assistance.
Repeated CSF studies done after 1 year of therapy showed an increased protein level, normal glucose level, elevated white blood cell count with a lymphocytic predominance (Table) , and negative bacterial and fungal culture results. His renal function had also returned to normal. Follow-up imaging studies revealed no new strokes, with normalization of ventricular size (images not shown) and opening of pressure of 160 mm of water.
COMMENT
We report a case of CNS histoplasmosis with ischemic pontine stroke and meningitis in an immunecompetent patient. Histoplasmosis is a fungal infection of H capsulatum, which is commonly found in the soil and contaminated material (ie, bat or bird guano) of certain endemic areas of the United States, especially the St Lawrence river valley, Ohio, and Mississippi. 1 Spread of the disease occurs via inhalation of spores from disturbed guano or soil. In immune-competent persons, spore inhalation commonly results in an asymptomatic infection.
2 Exposure in immune-incompetent patients can lead to chronic pulmonary histoplasmosis and/or disseminated disease. 1 Histoplasmosis of the CNS is rare 2 and the exact pathophysiologic mechanism is not known. The fungal infection can occur via hematogenous spread, as a direct event without systemic involvement, with associated disseminated infection, or with recurrence after previous systemic infection. 1,2 Previously described clinical syndromes of CNS histoplasmosis include meningitis, encephalitis, abscess formation, stroke secondary to infected emboli, and focal lesions involving the brain or spinal cord. [1] [2] [3] Our patient had no history to suggest an immunesuppressed state and his evaluation was negative for pulmonary histoplasmosis or disseminated disease. It was also unlikely that his pontine lesions were a result of abscesses or embolism from H capsulatum endocarditis. Repeated cerebral vessel imaging studies were not suggestive of primary CNS vasculitis. The initial neutrophilic predominance seen on CSF analysis also forced consideration of alternative infectious etiologies including bacterial, fungal (tuberculosis), viral (herpes simplex virus and cytomegalovirus), or malignant leptomeningeal processes, 1,4 all of which were subsequently ruled out with further diagnostic evaluation (Table) .
The gold standard for diagnosis remains positive fungal culture of H capsulatum in CSF, parenchymal tissue, or other sites. 1, 4 Obtaining an adequate sample, however, can often be a challenge. 1 Ancillary tests, particularly in culture-negative cases, include positive H capsulatum antigen from CSF, urine, or blood. 1, 4 Neuroimaging studies with CT and magnetic resonance imaging may be useful, but the findings are often nonspecific.
This case had several features reported to occur in CNS histoplasmosis, including meningitis, encephalitis, stroke, and the complication of hydrocephalus. 1, [5] [6] [7] [8] As demonstrated with this patient's initial presentation, the wide range of clinical symptoms and laboratory abnormalities can often make the diagnosis of histoplasmosis in the CNS difficult and may delay initiation of antifungal therapy. While the standard of care remains aggressive and longterm treatment with antifungal therapy, there remains no consensus regarding specifics for such treatment. 3, 4 In patients who develop complications of hydrocephalus, studies have suggested that shunt placement should be offered 2 weeks after treatment with antifungal therapy. 4 In our case, the patient had his shunt placed 4 weeks after presentation, which was preceded by treatment at an outside hospital consisting of antibiotics and steroids and 7 days of antifungal therapy at our facility. Antifungal therapy can also be associated with adverse effects, high initial failure, and high relapse rate. 4, 5 At 1 year, following initial treatment and continuing with itraconazole cyclodextrin treatment, this patient's CSF analysis demonstrated persistent protein elevation, lymphocytic pleocytosis, normal glucose level, and no evidence of active disease. These findings were likely consistent with chronic meningitis due to inflammatory changes in the subarachnoid space. [1] [2] [3] [4] In summary, primary CNS presentation of histoplasmosis remains exceedingly rare, particularly in young immune-competent individuals. 7, 8 Clinicians should consider CNS histoplasmosis in the differential diagnosis in unusual stroke cases, especially those presenting with meningitis. 
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